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Abstract. The present investigation was carried out at research field of National Maize 
Research Program (NMRP), Rampur, Chitwan, Nepal during February to June 2016. The objective 
of this investigation was to estimate genetic variability and identify suitable maize inbred lines under 
heat stress condition. Twenty maize inbred lines were evaluated in alpha lattice design with two 
replications under normal and plastic house condition. Several secondary traits, namely yield 
attributes such as - ears per plant, cob length, cob diameter, number of kernels row-1, number of kernel 
rows cob-1, number of kernel ear-1, shelling percentage, thousand kernel weight and morpho 
physiological traits such as anthesis silking interval, plant height, ear height, silk receptivity, leaf 
senescence, tassel blast, leaf area index and leaf firing exhibited significant genotypic and phenotypic 
association with grain yield under heat stress. Maize inbred lines RL-140, RML-76, RML-91 and 
RML-40 were exhibited shorter anthesis silking interval, lowest value of tassel blast, leaf firing, and 
leaf area index with highest value of cob diameter and length, ear per plant, number of kernel row ear-
1, number of kernel ear-1 and number of kernel row-1,shelling percentage, silk receptivity and grain 
yield in heat stress condition.High heritability along with genetic advance as well as significant 
positive correlation with grain yield recorded for traits grain yield with number of kernel ear-1, silk 
receptivity, shelling percentage, and thousand kernel weight indicates presence of additive gene effect 
early selection and could be used as target traits to improve maize grain yield under heat stress 
condition. But significant negative association grain yield as well as moderate heritability with low 
genetic advance for traits anthesis silking interval, tassel blast, leaf firing and leaf area index showed 
significant negative association with grain yield, and these traits could be improved through the use 
of hybridization and hybrid vigour.Therefore maize inbred lines RML-91, RL-140, RML-76 and 
RML-40 were can be used for development of hybrid for heat stress condition. 
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INTRODUCTION 
 
Maize being nutritionally an important crop has multiple functions in the traditional 
farming system; being used as food and fuel for human beings & feed for livestock and 
poultry. In Nepal, it is grown in 8,91,583 ha producing 2.2 million tons, with an average 
yield of 2500 kg ha-1 (MOAD,2016).The reasons for low maize yield in Nepal are high 
temperature, drought, stalk rot infestation, maize borer and shoot fly infestation, poor crop 
management, high input rates and use of low quality, substandard seed. Heat and drought 
stress have emerged as a common problem worldwide which can reduce maize crop 
productivity (Ali et al., 2015).Heat stress in the flowering and grain filling periods due to 
elevated temperatures drastically affect crop productivity. It is predicted that maize yield 
might be reduced up 70 % due to increasing temperatures (Khodarahmpour et al., 2011).A 
report of the Asian Development Bank (2009) warns that if the current trends persist until 
2050 major food crop yields and food production capacity of south Asia will significantly 
decreases by 17% for maize, 12% for wheat and 10% for rice due to climate change induced 
heat and water stress. To cope this situation genetic management would be low readily 
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available and acceptable to all farmer as compared to agronomic management (Saxena and 
Toole,2002).Genetic diversity within the crop is pre requisite for genetic improvement of 
crop through selection. Correlation analysis used as effective tool to determine the 
relationship among different traits in genetic diverse population for enhancement of crop 
improvement process. Binodh et al.,(2010) character association in crop is important for 
effective and rapid selection in crop improvement. Heritability is measure of the phenotypic 
variance attributable to genetic causes provide extend of particular trait can be transmitted 
to successive generation. It helps to choose selection method would be most useful to 
improve character to predict gain from selection and to determine the relative importance of 
genetic effects. High genetic advance with high heritability determine reliability of crop 
improvement through selection of such traits. To improve heat stress tolerance maize can be 
achieved through effective selection of suitable parent materials of significant genetic 
variability. The objective of propose investigation study was to estimated correlation, 
genetic variation, heritability and genetic advance in maize inbred lines  under heat stress 
and normal condition and evaluated suitable selection criteria for further breeding program 
of heat stress in maize. 
 
MATERIALS AND METHOD 
 
Genetic Materials and Experimental site. The research was conducted at National 
Maize Research Program (NMRP) of Rampur, Chitwan (27º 37’ North and 84 º 29’ East, 
225m asl) during spring season from February 24, 2015 to July 31, 2016.The soil type at this 
location is sandy loam(sand:slit:clay:75.4:16.9:7.7), pH=5.5,Total nitrogen=0.09,organic 
matter(2.01%),phosphorous(89.70%)& potassium(308.2%). 
Experimental design and crop husbandry. Twenty maize inbred lines collected 
from national maize research program were evaluated using a alpha lattice design with two 
replication under half of field was controlled heating imposed using two plastic (120gsm) 
houses were used just prior to the onset of reproductive period up to the crop maturity. Each 
plot contained single row with spacing 60×20 cm and consisted 15 hills, each of two seed 
were sown ,one of whose seedling were removed at the six leaves stage.  
 
Table 1 
Names and pedigree information of maize genotypes used for heat stress research at NMRP 
Chitwan (2016) 
S.N. Maize 
Inbred Lines 
Pedigree  S.N. Maize Inbred 
Lines 
Pedigree  
1 NML-2 CML-430 11 RL–101 UPAHAR-B-20-2-3-1-1 
2 RML–4 CA00326 12 RML–24 CA00304 
3 RML–32 CA00320 13 RML–40 CML-427 
4 RML–95 PUTU-17 14 RML–57 CLQG6602 
5 RML–86 PUTU-20 15 RL–107 UPAHAR-B-20-2-4-3-1 
6 RML–17 CML-287 16 RML–20 CA-34503 
7 RML–96 AG-27 17 RML–76 CLRCYQ007 
8 RL–105 UPAHAR-B-20-2-4-1-1 18 RML–7 CML-413 
9 RL–111 UPAHAR-B-31-1-1-1-1 19 RML–91 PUTU-19 
10 RML–115 PUTU-17 20 RL–140 POOL-21-12-1-2-2-1-1 
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The irrigation was given according crop growth stage and fertilizer were applied 
prior to sowing at rate of  60 N kg ha-1 and 40 kg P ha-1 and additional side dressing of 30 N 
Kg ha-1 were applied at the six leaves stage of maize plants. Maximum mean temperature 
(46.2–43.28ºC) & minimum (30.52-30.77ºC) in with relative humidity 37.05 to 49.45% 
inside the tunnel during in April-May which coincide with the flowering, pollination & grain 
filling periods. To avoid any possible disease outbreak humidity inside the plastic tunnel was 
controlled by partial opening top side of tunnel. 
 
 
Fig. 1. Weather data recorded in NMRP, Rampur during Experimental period (24th Feb to June 
2016) 
 
Data Collection and Analysis. Data on days to 50% anthesis, days to 50% silking 
and ears per plot, leaf firing, tassel blast, leaf senescence were recorded on plot basis. 
Whereas, ear height (cm), number of kernels per cob, number of kernel row, number of 
kernel row per ear,SPAD reading,leaf area index, silk receptivity, thousand kernel weight 
(g)and shelling per cent were recorded on five selected representative plants. The sample 
cobswere shelled, cleaned and grain weight and shankweight were recorded to calculate the 
shelling percent. Thousand kernelweights was measured by counting 1000grains from the 
bulk of each plot after shelling andweighed in grams after the moisture was adjustedto 
12.5%. Anthesis to silking interval (ASI) wascalculated by subtracting the number of days 
taken for 50% anthesis from the number of days taken to50% silk emergence. Leaf area 
index was calculated by total leaf area divided by land area and multiply by correction factor 
(0.75). Silk receptivity was recorded by total number of fertilized grains per ear divided by 
number of potential grain per ear. Leaf firing was obtained bythe counting the number of 
plants that showed leaffiring symptoms (younger leaves near tassel burntor dried) in the total 
number of plants in aparticular plot. Then the value was expressed inpercentage. Tassel blast 
was obtained by thecounting the number of plants that showed tasselblast symptoms (tassel 
dried with partial or nopollen shedding) in the total number of plants inparticular plot. Grain 
yield (kg/ha) at 15% moisture content was calculated using fresh ear weight with the 
help of the below formula: 
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Where, 
 F.W. = Fresh weight of ear in kg per plot at harvest 
HMP = Grain moisture percentage at harvest 
DMP = Desired moisture percentage, i.e. 15% 
NPA = Net harvest plot area, m2 
S = Shelling coefficient, i.e. 0.8 
This formula was also adopted by Carangal et al. (1971) and Shrestha et al. (2015) 
to adjust the grain yield (kg ha-1) at 15% moisture content. This adjusted grain yield (kg ha-
1) was again converted to grain yield (t ha-1). 
Broad sense heritability (h²b) for the trait was estimated by using the variance 
components method suggested by Becker, (1984) as follows: 
H²b=     MSS due to genotype – MSS due to error  
Replication 
Where, h²b= broad sense heritability, r= number of replication 
Genetic advance 
The extent of genetic advance to be expected by selecting five percent of the superior 
progeny was calculated by using the following formula given by Robinson et al., (1949). 
GA= I σpH²b 
Where,I = efficiency of selection which is 2.06 at 5% selection intensity ,σp= 
phenotypic standard deviation,H²b= heritability in broad sense. 
Statistical analysis. The data recorded on different parameters from field were first 
tabulated in Microsoft Excel (MS- Excel, 2010), then Analysis of variance (ANOVA) for all 
data was statistically analyzed GENSTAT. The data obtained was subjected to Restricted 
Maximum Likelihood (REML) tool in GenStat to obtain ANOVA.Correlation coefficients 
of different traits were carried out using the formula given by Steel and Torrie,(1980) by 
using SPSS program. 
 
RESULTS AND DISCUSSION 
 
Association of chlorophyll content with grain yield was strong under heat stressed 
environments, suggesting it to be one of the major contributors to grainyield hence fully 
supported our results. Therefore, due to high heritability and low genetic advance as well as 
positively significant association between SPAD readings with grain yield at heat stress as 
compared to non-significant association in normal condition showed that high SPAD 
reading.Chen et al, (2010) reported that under high temperature stress condition leaf firing 
reduces photosynthetic apparatus which lead to reduction in grain yield. 
Kaur et al. (2011) reported positivesignificant association between leaf firing and 
tassel blast and negative association ofboth with yield. While, the heritability of leaf firing 
and tassel blast under heat stressed environments for inbred lines were high the magnitude 
of damage observed and their association with grain yield was negatively significant, means 
they were strongly associated with reduction in the seed set of  maize in heat stressed. Hence 
SPAD reading, tassel blast and leaf firing it might be representative secondary trait for yield 
improvement of maize under heat stress. Heat stress effect was most prominent on plant and 
ear height. 
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Table 3 
Mean of 20 maize inbred lines for various traits evaluated under normal (N) and heat stressed 
condition (S) condition. 
Inbred 
        DT             DS 
              
ASI LAI LF % TB %  LS % 
      
N    S 
       
N     S  N   S   N   S    N   S   N   S    N    S 
NML 2 71 71.5 74 77 3 5.5 3.5 3.5 5.03 5.6 25.9 58.3 20 50 
RL 101 71 71.5 73 75 2 3 
3.0
4 2.61 6.97 14 31.1 36.7 50 60 
RL105 73 74.5 75.5 79 2.5 4 
2.9
3 2.84 9.4 39 39.1 46.2 25 65 
RL107 68.5 71 70 74 1.5 2.5 
2.4
3 2.42 9.95 11 17.1 27 30 60 
RL111 70.5 71.5 73.5 77 3 5.5 
2.7
4 2.29 6.67 24 16.7 48.1 30 50 
RL 140 67.5 70 70 73 2.5 3 
2.2
8 2.21 7.88 0 3.3 24 25 75 
RML1
15 70 70.5 73 76 3 5.5 
2.6
5 2.63 7.5 43 21.7 24.9 30 45 
RML 
17 70.5 71 73 73 2.5 2 2.8 2.7 7.18 14 13.8 17.1 35 80 
RML 
20 70.5 71.5 73 75 2.5 3 3 2.85 7.5 14 17.1 17.4 30 85 
RML 
24 71.5 72 70.5 77 -1 5 3.2 3.09 6.67 28 23.3 55.8 35 75 
RML 
32 68.5 71.5 71 75 2.5 3 
2.4
4 2.33 8.33 18 18 22.7 30 60 
RML4 71 71 74 77 2.5 5.5 
2.6
6 2.65 7.74 28 30.4 52.3 25 50 
RML 
40 67 68 68 71 1 3 
2.8
3 2.8 7.18 10 3.8 43.3 25 80 
RML 
57 69.5 71.5 71.5 74 2 2.5 2.5 2.33 8.12 10 9.1 37.6 25 60 
RML 7 67 67 68.5 70 1.5 3 
2.3
1 2.29 12.7 14 31.5 35.7 60 100 
RML 
76 70.5 70 72 75 1.5 4.5 
2.0
9 1.75 7.18 13 0 23.3 40 45 
RML 
86 72 71.5 75.5 77 3.5 5.5 
3.2
2 3.07 4.17 21 18.3 50 30 65 
RML 
91 68.5 70.5 71 74 2.5 3 
3.1
7 3.15 6.9 0 3.6 16.7 35 40 
RML 
95 68.5 71 72 75 2.5 4 2.7 2.62 7.88 22 28.2 44.5 25 70 
RML 
96 70 72 72.5 75 2.5 3 
2.9
1 2.86 6.67 14 6.7 31 35 60 
G.Mea
n 69.9 71 72.1 75 2.2 3.8 
2.7
7 2.64 7.58 18 18 35.6 32 63.8 
F –test 
    
NS 
     
NS       * 
       
* 
    
* 
      
* 
      
* 
       
* 
     
NS 
       
* * 
       
** 
    
NS 
     
** 
CV% 2.25 2.85 2.17 2.45 37 21.9 14 12 
38.0
1 52.3 40.3 22.93 32 12.4 
LSD 3.4 4.37 3.39 3.97 1.7 1.8 
0.8
8 0.70 6.22 20.8 
15.6
8 17.64 22.1 17.2 
 
All the genotypes showed significant reduction in plant and ear height as compared 
to in normalenvironmentas observed in present study. This reduction might be result of the 
effect of heat stress on internal –nodal elongation.Weaich et al., (1996) & Cairns et al., 
(2012) fully supported our finding. Strong correlation between plant height and ear height 
with leaf area index suggested that tall plants with high ear placement gave better yield under 
heat stress.  
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Table 4 
Mean of 20 maize inbred lines for various traits evaluated under normal (N) and heat stressed 
condition (S) condition 
Inbred 
SPAD   PH (cm)   EH (cm)   PM (Days)   EPP CD (cm) CL(cm) 
  N   S N S     N   S   N  S N  S    N      S   N     S 
NML 
2 
46.6
5 
41.5
9 
176.
3 
147.
8 96 81 
115.
5 
106.
5 
1.43
6 
1.04
2 3.41 0 
10.9
2 0 
RL 
101 
43.9
75 
44.5
3 
152.
5 
133.
3 85.5 
73.
8 108 103 1.5 1.25 3.19 2.67 9.70 8.24 
RL105 41.1 24.5 
146.
7 
141.
8 86.5 80 
111.
5 108 
1.26
7 
0.88
5 2.75 0 11.4 0 
RL107 
50.1
25 
43.3
8 
143.
9 
129.
2 68 
65.
8 
114.
5 105 1.7 
1.33
9 3.99 2.99 
12.9
5 
12.4
3 
RL111 
36.9
3 
24.2
7 
164.
5 
148.
3 86.1 
80.
6 120 
104.
5 1.95 
2.17
6 3.87 0 
12.1
9 0 
RL 
140 
41.2
15 
37.4
5 
136.
8 127 72.2 
60.
2 121 
107.
5 
1.40
6 1.14 3.9 2.67 
13.3
0 12.4 
RML1
15 
38.4
2 
35.7
2 
108.
3 
102.
6 61.6 
54.
5 
121.
5 109 
1.04
2 
0.86
2 3.69 0 7.27 0 
RML 
17 
47.3
75 
44.1
1 
159.
2 
136.
6 86.7 
74.
5 114 
105.
5 
1.41
9 
0.89
3 3.83 2.43 
12.4
0 
11.6
2 
RML 
20 
44.2
6 
39.8
7 
133.
8 118 68.2 
52.
8 114 103 
1.55
0 
1.48
8 3.56 2.89 
14.1
0 
12.8
4 
RML 
24 
45.6
5 
27.3
1 
153.
6 
144.
3 93.3 
77.
6 
119.
5 108 
1.33
3 
1.19
6 3.49 0 9.96 0 
RML 
32 
48.1
4 
43.1
8 120 
113.
4 46.5 
43.
5 114 108 
1.25
0 
1.04
5 3 2.83 
13.0
5 
11.9
6 
RML4 44.7 
40.2
5 
125.
6 
116.
7 72.4 54 118 109 
1.43
5 1 3.1 0 
10.7
5 0 
RML 
40 
46.7
25 
41.2
5 
134.
9 
125.
8 63.7 
60.
2 
116.
5 106 
1.25
4 
1.03
3 4.06 3.65 
12.1
0 
11.3
6 
RML 
57 
48.2
4 
45.5
6 
134.
1 
128.
2 66.5 
60.
9 116 
104.
5 
1.35
0 
1.14
3 3.29 2.45 
12.9
5 0 
RML 7 
38.7
8 
36.4
1 
148.
6 
135.
8 74.7 
67.
3 115 
100.
5 1.30 1 3.87 3.02 
12.1
8 
12.0
8 
RML 
76 
44.8
8 41.1 
123.
9 115 56.8 
51.
4 115 
108.
5 1.3 1.1 3.44 2.32 
11.1
3 9.53 
RML 
86 
37.6
05 
33.4
8 
126.
8 
120.
5 74.8 
69.
4 114 107 1.35 1 3.53 0 
13.0
2 0 
RML 
91 
40.3
3 
42.4
5 
159.
8 150 95.5 
83.
4 120 109 1.55 1.3 3.16 3.08 
13.8
5 
13.2
7 
RML 
95 37.4 
38.5
5 
142.
9 128 77 
71.
5 116 
108.
5 1.7 
1.32
4 3.57 0 
10.5
5 0 
RML 
96 
41.5
3 
38.3
2 
155.
4 
134.
8 75.8 
69.
6 
119.
5 
108.
5 
1.53
3 
1.14
3 3.73 2.54 
12.6
0 
11.8
3 
 GM 
43.2
02 
38.1
6 
142.
4 
129.
9 75.4 
66.
6 
116.
17 
106.
5 
1.43
1 
1.16
8 
3.52
2 
1.67
7 
11.8
2 6.89 
F –test 
      
** 
        
* 
     
**      * 
     
** 
   
** 
      
** 
     
** 
    
NS      * 
         
* 
     
** 
       
* 
       
** 
CV% 1.17 
14.2
2 5.2 7.91 9.25 
8.1
3 1.45 1.5 14.2 15 7.5 
14.6
6 8.16 
12.9
7 
LSD 
1.09
41 
11.7
23 
16.0
2 
22.2
1 
15.0
8 
11.
7 
3.65
4 
3.43
2 
0.44
1 
0.37
9 
0.57
08 
0.53
2 
2.08
6 
1.93
1 
 
The tall stature of plant provided space for more number of leaves which ultimate 
help in increases leaf area index with good orientation finally resulting high photosynthesis 
rate and which ultimately affect the individual grain weight and grain yield of crop. 
However, this trait seemed to be more complex as high heritability, genotypic coefficient of 
variation and genetic advance at 5 % was observed, while their association was non-
significant with grain yield under heat stress condition. Therefore further study is needed to 
confirm the result about these traits might be representative trait for yield improvement of 
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maize under heat stress condition. A number of factors could be responsible for reduction in 
number of silk receptivity under heat stress on corn kernel set, seasonal pollen production, 
silk elongation pattern and duration of silk receptivity.  
The seasonal pollen production determine kernel per plant at pollen densities less 
than 3000 pollen grain per silk. It was found that a minimum pollen shed density per exposed 
silk is required to achieve maximum kernel set and grain yield reported by (Westgate et al., 
2003).Silk receptivity can be drastically reduced by as much as 80% during high 
temperatures due to sudden pollen shedding over a very short time (Fonseca et al., 
2005).Anderson et al., (2004) found that kernel set and yield stability are impacted by 
variation among hybrid for silk elongation and senescence. Leaf area index of the decreases 
was observed after severe heat waves due to leaf growth pattern of maize increases in rang 
of temperature 0-35ºC with decline at 35-40ºC.Leaf area expansion is of great importance 
for light interception and for photosynthesis; it varies with the quantity of assimilates 
allocated to the production of leaves and the ratio of the leaf area produced per unit of leaf 
dry matter. Heat stress causes translocation of the photosynthetic products cannot fully 
match the increased rates of carbon fixation under the prevailing conditions, this results in 
the thickening of the existing leaves and the formation of thicker new leaves, and therefore 
in a sharp decrease of leaf area in the pre-anthesis period. It can also be noted that the LAI 
is maximum at tasselling or later and further slight decrease in leaf area is attributed to the 
senescence of the old (thinner) leaves, so that the younger thicker leaves remain on the stand 
a and longer growing cycle and normally a higher leaf area index and determine the overall 
leaf area index value.Karim et al., (2000) reported that leaf area and day time leaf expansion 
rate were good thermo tolerance trait of tropical maize under heat stress condition.  
Therefore, due to high heritability, GCV and genetic advance as well as positively 
significant association between silk receptivity with grain yield and negative association leaf 
area index However, limited literature isavailable on this trait in maize. Thus they might be 
representative secondary trait for yield improvement of maize under heat stress. In general, 
maize yields have been shown to have an optimum growing temperature of 29 °C and 30 
°C, respectively; temperatures above this threshold result in yield decreases (Schlenker and 
Roberts, 2009).The major effect of high temperature is embryo abortion, which is related to 
the inhibition of photosynthesis and the subsequent reduction in assimilates available to 
developing kernels. Exposure to temperatures above 30 °C damaged cell division and 
amyloplast replication in maize kernels which reduced the size of the grain sink and 
ultimately yield (Commuri and Jones, 2001).The of the yield decrease up to 100%, larger 
than those estimated in previous studies (Lobell and Field, 2007; Schlenker and Roberts, 
2009).Amongthe yield traits, a significant reduction in average ears per plant was observed 
underheat stress suggesting an increase in the frequency of barrenness due to high 
temperature. This is attributed to the fact that different vegetative andreproductive organs 
undergo active growth at the same stage, which incurscompetition for assimilates among 
organs.  
The changes in distribution of assimilates might be cause for reduced reproductive 
growth, particularly ears per plant (Rattalino Edreira et al., 2011). Similar findings has been 
reported in previous studies (Cicchino et al., 2010b) in maize crop exposed to high 
temperature at flowering stage. However, this trait seemed to be more complex as high 
heritability, genotypic coefficient of variation but low genetic advance at 5 % was observed, 
while their association was non-significant with grain yield under heat stress while  
positively significant at normal  condition. Therefore further study is needed to confirm the 
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result about these traits might be representative trait for yield improvement of maize under 
heat stress condition. 
Table 5 
Mean of 20 maize inbred lines for various traits evaluated under normal (N) and heat stressed 
condition (S) condition 
Inbred 
NKRE NKE NKR   SR % SP % TKW (g) GY (kg/ha) 
      
N 
       
S  N      S   N     S    N      S N     S  N      S  N       S 
NML 2 10.6 0 74.4 0 
10.
6 0 
54.7
4 0 45.8 0 259 0 
145
7 0 
RL 101 13.5 12.6 87 53 
14.
7 12.5 
46.7
3 
30.5
5 60.5 
57.9
5 289 
264.
6 
146
9 
551.
9 
RL105 13 0 92.5 0 13 0 
47.0
1 0 17.4 0 257 0 366 0 
RL107 
12.3
0 10.6 165 50.2 15 12.8 
70.4
4 
22.3
5 51.9 
18.4
8 288 
270.
6 
191
8 264 
RL111 12.2 0 
173.
9 0 
12.
2 0 77.7 0 48.8 0 261 0 
215
3 0 
RL 140 12.8 11.7 
210.
4 
110.
5 17 14.8 
79.2
7 
36.7
7 61.4 
54.6
5 
289.
5 
279.
6 
235
2 
702.
9 
RML1
15 12.2 0 92.4 0 
12.
2 0 
53.3
5 0 30.2 0 269 0 818 0 
RML 
17 12.2 10 
187.
8 67.9 
14.
6 12.4 78.1 31.9 71.3 58.1 275 
271.
1 
220
1 
565.
3 
RML 
20 11.6 10.4 
115.
5 50.3 
15.
4 13.2 
55.3
7 20 40.4 
21.6
2 316 
306.
1 
121
3 
273.
6 
RML 
24 12.4 0 
104.
9 0 
12.
4 0 
54.7
3 0 38.3 0 229 0 
119
6 0 
RML 
32 10.5 10 74.3 45.2 
14.
4 12.2 
53.4
1 26.3 54.9 42.3 
   
306 293 
113
0 
536.
7 
RML4 11.2 0 92.5 0 
11.
2 0 
62.0
6 0 39.3 0 
269.
5 0 
128
7 0 
RML 
40 11. 10.1 
130.
5 74.8 
13.
6 12.4 
74.5
2 
34.2
7 62.3 56.5 301 276 
201
8 643 
RML 
57 11.8 11.3 
143.
7 48.7 
15.
5 13.8 
70.5
7 
22.9
5 51.1 
36.2
2 253 
204.
7 
190
3 
342.
6 
RML 7 12.6 12.6 
102.
5 70 
14.
2 12 
50.8
4 26.7 55.9 51.2 333 320 582 
526.
5 
RML 
76 14.2 10.8 
124.
6 94 
16.
5 14.3 
68.1
9 
34.5
7 79.0 
52.1
2 272 
255.
7 
168
9 
689.
5 
RML 
86 12.4 0 
108.
2 0 
12.
8 0 
61.7
5 0 44.3 0 257 0 
157
7 0 
RML 
91 12.8 12.8 275 
130.
2 16 13.8 
79.3
9 38.2 60.4 40.3 289 276 
234
6 
716.
8 
RML 
95 11.2 0 
143.
4 0 
11.
2 0 76.8 0 54.1 0 
169.
4 0 
199
1 0 
RML 
96 12 10 118 46.2 
14.
4 12.2 
77.2
5 
20.0
6 56 46.3 289 
277.
9 
209
0 508 
 GM 
12.2
4 6.64 
130.
8 42.1 
13.
8 7.82 
64.6
1 
17.2
3 51.2 
26.7
9 
273.
3 
164.
8 
158
8 316 
F –test   Ns 
    
**    ** 
     
** * 
   ** 
   **    **    **    **    ** 
    
**    ** 
      
** 
CV% 9.5 7.2 
14.3
1 21 
9.5
8 
13.5
2 4.04 
11.5
7 
13.4
0 14.7 
6.70
2 6 
13.2
8 8.62 
LSD 
2.16
6 
1.03
7 
40.4
5 
19.2
1 
2.8
6 
2.28
4 
5.65
2 4.31 
14.8
3 8.56 
39.7
3 
21.6
1 
455.
8 
58.8
9 
 
Apart from ears per plant, heat stress significantly affected other yield attributing 
traits, such as cob length, cob diameter, number of kernel row-1 and kernelof rows ear-1, 
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number of kernel ear-1, shelling percentage, and thousand kernel weight. In general, most 
inbred lines showed lower trait value forthese traits as compared to normal condition. 
Table 6 
Genetic parameter and correlation analysis of maize inbred lines. 
 
Traits    Heritability  GA at 5 %  Correlation  
 Normal Stress Normal   Stress Normal Stress 
GY 0.88 0.98 1080.84 475.4    -   - 
DS (day) 0.55 0.46 2.62 2.34 -0.221ns -0.766** 
DT(day) 0.36 0.06 1.48 0.24 -0.343ns -0.492* 
ASI (day) 0.49 0.62 1.13 1.73 0.096ns -0.726** 
LAI(cm2) 0.45 0.65 0.5 0.74 0.06ns -0.445* 
SPAD 0.98 0.47 8.34 7.13 0.085ns 0.560* 
EH (cm) 0.76 0.8 22.02 20 0.124ns 0.249ns 
PH (cm) 0.82 0.52 30.1 16.02 0.293ns 0.041ns 
LF 0 0.6 0 2.07 -0.123ns -0.692* 
TB 0.62 0.72 2.5 1.86 -0.764** -0.679* 
LS 0.2 0.75 0.41 1.58 -0.24ns 0.167ns 
PM (day) 0.78 0.64 5.8 3.53 0.327ns -0.162ns 
EPP 0.23 0.69 0.1 0.45 0.463* -0.132ns 
SR % 0.95 0.88 23.41 16.4 0.911** 0.98** 
CD (cm) 0.57 0.44 0.47 1.53 0.439ns 0.896** 
CL (cm) 0.62 0.62 2.25 6.25  0.51* 0.857** 
NKRE 0.32 0.78 0.83 7.29 -0.2ns 0.917** 
NKE 0.87 0.84 94.17 40.43 0.74** 0.941** 
SP % 0.84 0.94 19.3 25.58 0.941** 0.963** 
TKW (g) 0.75 0.99 56.25 286.65 -0.362ns 0.94** 
 
These results are supported by previous findings of many authors wherenegative 
effects of high temperatures on cob growth rate and reduced biomasspartitioning to ear was 
reported (Cicchino et al., 2010b; Rattalino Edreira et al.,2011). A number of factors could 
be responsible for reduction in number of kernels per cob under heat stress, such as reduced 
pollen viability and receptivity of silk,increased frequency of kernel abortion, decreased cell 
division in endosperm, reducedsink capacity of developing kernels, reduced starch grain 
number and overall starchsynthesis, increased soluble sugar accumulation, duration of grain 
filling, kerneldevelopment and enzyme activities (Duke and Doehlert, 1996).Hussain et al., 
(2010) reported that, number of rows cob-1, number of kernels  row-1  and grain yield were 
much reduced in spring season due to heat stress. Moser et al., (2006) reported that stress 
before and immediately after pollination may lead to failure of number of kernel 
development per ear. It was found that a minimum pollen shed density per exposed silk is 
required to achieve maximum kernel set and grain yield reported by (Westgate et al., 
2003).Silk receptivity can be drastically reduced by as much as 80% during high 
temperatures due to sudden pollen shedding over a very short time (Fonseca et al., 
2005).Anderson et al., (2004) found that kernel set and yield stability are impacted by 
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variation among hybrid for silk elongation and senescence.Rowhani et al., (2011) reported 
that significant variation in shelling percentage under heat stress condition might be 
associated with lower grain yield traits such as pollen viability and fertilization under high 
temperature.  
Rise in temperature beyond 30°C impacts the activity of Rubisco in maize, which 
in turn reduces photosynthesis and ultimately decreases grain filling period and grain size 
(Steven et al., 2002).Kernel weight is influenced by source-sink relationships during grain 
fill with increased kernel weight being caused by irradiance level, grain-fill duration, and 
plant and kernel growth rate (Gambin et al., 2006).Rowhani et al., (2011) reported that 
significant variation in shelling percentage under heat stress condition might be associated 
with lower grain yield traits such as pollen viability and fertilization under high temperature. 
Rise in temperature beyond 30°C impacts the activity of Rubisco in maize, which in turn 
reduces photosynthesis and ultimately decreases grain filling period and grain size (Steven 
et al., 2002). 
Kernel weight is influenced by source-sink relationships during grain fill with 
increased kernel weight being caused by irradiance level, grain-fill duration, and plant and 
kernel growth rate (Gambin et al., 2006).High heritability,GCV and genetic advance for all 
these yield attributing traits exhibited significant positive association with grain yield 
suggesting it to be an important parameter for selection index for maize crop improvement 
in heat stressed environment. 
 
CONCLUSION 
Heat stress significantly affected mean grain yield at all crop growth stages under 
heat stress. However, maximum losses was observed with flowering stage heat stress, 
followed by grain filling stage stress incomparison to mean grain yield of inbred lines under 
normal conditions. Significant genotypic variability was observed for grain yield, yield 
attributesand various morpho-physiological traits under heat stress at different growth 
stages. However, flowering stage heat stress showed maximum variation formost the traits 
studied. Heat stress affected flowering behavior, however, the effect was morepronounced 
on female inflorescence, which resulted in prolonged ASI. All inbred lines having low 
yielding (<1tonha-1) under heat stress whereas, all genotypes gave higher yields under 
normal conditions. Several secondary traits, including yield attributes such as - ears per 
plant, coblength, cob diameter, kernels row-1, kernel rows cob-1, number of kernel ear-1 and 
morph physiological traits such as ASI, plant height, ear height, silk receptivity, leaf 
senescence, tassel blast, shelling percentage and leaf firing exhibited significant genotypic 
and phenotypic association with grain yield under heat stress. 
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